Languages change over time, and the evolution of languages is similar in many ways to biological evolution. But are all patterns predicted by evolutionary theory also seen in language evolution? One well-known biological pattern is that smaller populations tend to lose genetic diversity, and large populations tend to become more genetically diverse, but the effect of population size on language evolution is highly debated. Do small populations have faster rates of change through greater diffusion of new words, or slower rates of change due to strict language transmission? Do large populations gain words faster through more innovators, or lose faster due to simplification across varied speaker communities? This extract, taken from Welsh's (2015) Honours thesis, provides the background on the relationship between population size and rate of language change, discusses some of the contrasting hypotheses and methodological techniques and explains the research currently being conducted that attempts to clarify the relationship.
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Language is a uniquely human phenomenon and studied by experts in many different fields. New methodological techniques are being developed to answer questions about language acquisition, origin and diversity (Levinson & Gray 2012; Berwick et al. 2013; Gong et al. 2013; Gong et al. 2014) . One promising approach is the application of biological evolutionary theory and computational phylogenetic techniques to understand the patterns and processes of linguistic change. These tools have been used to investigate patterns in language evolution including the effect of population size (Nettle 1999b; Wichmann et al. 2008; Wichmann & Holman 2009; Kline & Boyd 2010) . Although this effect has been widely studied in biological systems, the patterns of language change have been subject to heated debate and few hypotheses have been tested formally using empirical analyses.
The application of biological techniques to study language change is possible due to many similarities between biological and language evolution. For example, just as DNA variation naturally exists within a population of biological organisms, linguistic variation naturally exists within a speaker population, and this variation can be inherited by succeeding generations through learning and imitation (Lewontin 1970; Mesoudi et al. 2004 ). For both biological organisms and languages, a process of descent with modification creates a hierarchy of similarity between related lineages over time, which can be represented as a phylogenetic tree (Atkinson & Gray 2005) . However, key differences exist between these two processes. Firstly, while DNA mutations occur stochastically, a linguistic change may occur intentionally. For example, two groups may strive to become linguistically distinct (a process dubbed 'schismogenesis') and change their language intentionally (Bateson 1935) . Also, DNA is transmitted from parents to offspring, while language is transmitted through learning from all members of society (Cavalli-Sforza & Feldman 1981). These differences may limit the extent to which conclusions about process can be drawn from patterns obtained using the biological evolutionary method.
The effect of population size on rates of biological evolution has been widely studied and is well understood (Charlesworth 2009 ). Population genetic theory predicts that selection is more efficient in populations with a large effective population size because there are more individuals to generate mutations and relatively less impacts of genetic drift. This results in a faster substitution rate of advantageous mutations. In contrast, small populations should have a faster rate of gain of slightly deleterious mutations, and a higher rate of loss of advantageous mutations due to drift (Ohta 1972; Gillespie 1999; Lanfear et al. 2014) . The predictions are not as clear in linguistic evolution and there are many competing theories for the mechanisms of interaction between population size and rates of linguistic change.
Firstly, just as larger populations of organisms have the potential to produce more genetic mutations, large populations of languages could gain words faster by producing more linguistic innovations (Henrich 2004; Kline & Boyd 2010; Collard et al. 2013; Baldini 2015) . However, large populations may be less efficient at diffusing these innovations through the population and smaller populations may uptake these new innovations and gain words faster (Nettle 1999a) . Small populations may also have a lower rate of word loss if they are resistant to change with improved linguistic transmission across generations (Trudgill 2004) . In contrast, random sampling effects are stronger in small populations and could result in a higher rate of word loss through drift (Kline & Boyd 2010; Reali & Griffiths 2010) or founder effects. If a small population of founders colonise a new area but do not speak the full range of linguistic variants present in the parental language, rates of word loss will be initially accelerated through this linguistic founder effect (Atkinson et al. 2008; Atkinson 2011) . Alternatively, it has been proposed that languages with a large number of adult second-language learners lose words faster through simplification and removal of complex linguistic elements (Lupyan & Dale 2010) . Finally, it has been suggested that population size may have no effect on rates of language change and variation in rates is due to factors independent of population size (Bentley et al. 2007 , Wichmann et al. 2008 Wichmann & Holman 2009) or the rate of language turnover is essentially identical in all languages (Swadesh 1955) .
While there have been many studies investigating the effect of population size on rates of language evolution, most have been limited by a small sample size or computer simulations making it difficult to generalise the conclusions (Nettle 1999a; Wichmann et al. 2008 ). Many studies also fail to consider the statistical nonindependence of languages; the pattern of linguistic descent from shared ancestors' results in increased similarity between closely related languages. Consequently, languages are not independent data points. This problem has long been recognised in cultural and linguistic studies as 'Galton's problem' (Tylor 1889; Mace & Pagel 1994; Bentz & Winter 2013; Roberts & Winters 2013; Ladd et al. 2015) , but linguists have few methods to effectively overcome this issue. One method to circumvent statistical non-independence in comparative biology is to use sisterpair comparisons, which examines the differences between pairs of closest relatives (sisters) and compares this to other more distantly related lineages (outgroup). Differences between sisters must have accumulated since they diverged from a common ancestor and therefore are independent of descent (Felsenstein 1985; Slowinski & Guyer 1993; Vamosi 2007; Welch & Waxman 2008; Bromham 2009; Lanfear et al. 2010; Bromham 2011) . This method has been used to investigate the role of different factors on rates of molecular evolution (Bromham 2009 ) but only recently been applied to study rates of language evolution.
There are many ways of quantifying language change as each language element (such as phonemes, vocabulary and grammatical structure) displays variation within a population and can evolve over time (Atkinson 2011; Dunn et al. 2011) . In recent years, large databases of vocabulary such as the Indo-European Lexical database (ielex.mpi.nl/) and Austronesian Basic Vocabulary Database ) have been made publicly accessible online. This allows researchers to investigate changes in basic vocabulary, common concepts found across languages such as walk, sun or father (Swadesh 1955) . Similar word forms for a given concept are called 'cognates' and are phonetically and morphologically similar through shared descent (Nichols 1997) . For example, the concept of 'water' is represented by different words in different Indo-European languages, such as water (English), wasser (German) and vatten (Swedish). These words have descended from a common ancestor, proto-Germanic *watōr (ielex.mpi.nl/), so are classified as cognates. By comparing the differences in basic vocabulary between sister-pairs of languages and other members of the language family, we can identify whether words have been lost or gained since the languages diverged from a common ancestor. When this measure is combined with a date of divergence between sister-pairs of languages, the number of differences can be converted into a rate , allowing rates of word loss and gain to be compared between language pairs.
Recent work adapted the common molecular evolution comparative method of sister-pair comparisons (Lanfear et al. 2010 ) to study the relationship between rates of word loss and gain and the language population size. Bromham et al. (2015) applied this technique to 20 Polynesian languages and found a correlation between speaker population size and rates of linguistic change. Specifically, their results conformed to the expectations of population genetics, as large populations gained words faster while small populations lost words faster. However, Bromham et al. (2015) only investigated a restricted dataset of 20 Polynesian languages, a small subgroup of the Austronesian language family (Hammarström et al. 2014) . They argued that Polynesian languages were an ideal study group as they are well documented, and spoken on isolated islands that were sequentially founded as humans expanded across the Pacific Ocean (Gray et al. 2009 ). Their study was also limited due to its small sample size, so it is unclear if the conclusions of Bromham et al. (2015) are specific to a feature of Polynesian cultures and languages, or can be generalised to all language families.
In Welsh et al. (in press ), the statistical robust comparative linguistic method developed by Bromham et al. (2015) is applied to three major language familiesAustronesian, Indo-European and Bantu-to test the generality of the correlation between population size on patterns and rates of language evolution. Together, these families span four continents, have population sizes ranging from 100 million (Nauna, Austronesia) to 258 million (Hindi, Indo-European) and display different social structures and geographical distributions. Welsh et al. (in press) will outline the methods and analysis, key results and implications of their findings for the fields of evolution and linguistics. This study will inform the discussion of the underlying mechanisms of language evolution, which in turn contributes to the study of language history and diversification. 
